CARDIAL INFARCTION can be reduced by diminishing cardiac oxygen requirements to marginal tissues surrounding an area of ischemia.' A possible alternative approach is to increase the supply of oxygen to the ischemic myocardium by reperfusion of the coronary arterial bed. The time beyond which myocardial damage becomes permanent after temporary coronary occlusion has been of interest to investigators for many years. In 1940, Blumgart2 described myocardial infarction resulting from 25 minutes of coronary occlusion, and later investigators reported that infarction usually occurred after 40 to 60 minutes of coronary occlusion in dogs.3 4 However, these studies were not focused on the question of whether or not the size of the zone of damage could be modified by resupplying oxygenated blood after relatively long periods of coronary occlusion.
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In recent experimental studies, the amount of myocardial tissue that could be salvaged by coronary artery reperfusion after temporary coronary occlusion was determined in dogs.5 When coronary artery reperfusion was performed after three hours of occlusion, we found an average salvage of 60% of the region of myocardium destined for necrosis. Infarct size was estimated during the acute occlusion by ST-segment mapping"15 and the actual infarct size was assessed one week later by gross examination, histologic studies, and myocardial creatine phosphokinase (CPK) depletion.' It also appeared that paradoxical motion present in the ischemic zone during the coronary occlusion was lost immediately after coronary reperfusion.' In later experiments, it was shown that From the Department of Medicine, University of California, San Diego, La Jolla, California.
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about one-third of animals exhibited some degree of hemorrhage in the area of infarction after 3 to 5 hours of coronary occlusion followed by reperfusion, and infarct size calculated from serum CPK release curves appeared to indicate extension of the infarction when such hemorrhage occurred.7 However, in most animals there was evidence of substantial tissue salvage, and the significance of the increased amounts of CPK released immediately after coronary artery reperfusion is not clear; it may represent enhanced early washout of the enzyme.8
The question of whether or not myocardial dysfunction is reversible after surgical revascularization procedures in patients with chronic coronary heart disease has been controversial,9-" although cardiac function does not appear to be improved in most patients when early postoperative studies (in the nonbasal state) are avoided."0 " But whether or not active myocardial contraction can be restored by coronary artery reperfusion after substantial periods of acute coronary occlusion has not been investigated. Tennant and Wiggers in 193512 documented that loss of active shortening and paradoxical expansion of the ischemic zone develop in less than one minute after coronary occlusion and are reversible after brief occlusions. Studies in our laboratory in dogs instrumented with pairs of tiny ultrasonic crystals placed 1 cm apart in the subendocardium to simultaneously measure local function in normal, marginal, and ischemic zones of the left ventricle have shown early holosystolic bulging in the central ischemic area, reduced active shortening in the marginal zone, and an early increase in systolic shortening followed by the use of the Frank-Starling mechanism in the normal regions.'3 All of these changes are rapidly and completely reversible with coronary reperfusion after 15 to 30 minutes. Other investigations in progress in conscious dogs (Theroux, Franklin, Ross: unpublished observations) indicate that upon reperfusion after two hours of coronary occlusion, local myocardial function in marginal zones initially deteriorates over 1 or 2 days, but then gradual recovery of function occurs in these regions over the next 2 to 4 weeks. By contrast, such improvement in function has not occurred after permanent coronary occlusions during similar time periods. The mechanism for this late return of myocardial function, and the sparing of tissue found on histologic examination, when several hours of severe ischemia is relieved by coronary artery reperfusion is unknown. Whether it is related primarily to recovery of contractility in still viable myocardium as edema subsides and metabolic processes recover, or to synthesis of new contractile proteins within partially damaged cells will require further investigation. The influence of various therapeutic regimens on the degree and time course of such recovery processes also is susceptible to experimental study.
A clinical role for early coronary revascularization following acute myocardial infarction in man is not yet apparent. Coronary revascularization by vein graft has been successful when the acute occlusion has occurred in the hospital, such as during cardiac catheterization.'14 1" In patients with established myocardial infarction the risk of such operations appears relatively high, and hemorrhagic infarction sometimes occurs if operation is delayed many hours.'6 However, if coronary revascularization could be accomplished early after coronary occlusionperhaps within 3 to 5 hoursthe experimental data discussed above suggest that marked tissue salvage is possible. Moreover, additional investigations in dogs in our laboratory indicate that when cardiac metabolic activity is reduced during a three hour period of coronary occlusion by a combination of hypothermia, beta-adrenergic blockade, and balloon counterpulsation, reperfusion then may be associated with no gross myocardial infarction one week later.17 It remains to be seen whether rapid hospitalization, coupled with improved methods for temporary protection of the ischemic myocardium until emergency surgical revascularization is accomplished can ever become a practical reality in patients with early myocardial infarction. However, the experimental demonstration that given such conditions much of the zone of potential myocardial necrosis can be spared, makes further laboratory investigation of this problem seem worthwhile. JOHN Ross, JR., M.D.
